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THE MECHANISM AND KINETICS OF, PLATw
FORMING REACTIONS OF HYDROCARBONS.
-, PART IV R
ON THE DUAL PROPERTIES. OF
PLATFORMING CATALYSTS#

' COMMUNIST CHINA -

/Following is the translation of an article
. “entitled "The Mechanism and Kinetics of. ..

Platforming‘Reactionsvof”Hydroaarbons.*v;.
Part IVe .On'the‘Dual,Propertiea of Plat-
‘forming Catalysts'# by Chang Yen-ch'ing
(1728 2518.3237) and I. V. Kalechits,

~ Institute of Petroleum, Acedemia Sinlca, '
in Jan-1liao Hsueh-pao (Acta Focalia Sinica), -

, No. 2._Shanghal, April 1959, psages

Abgtract o P T :
Hydrogenations sre carried out with four kinds of .
1golated hydrocarbons, cyclohexane, cyclohexene, methyl-
cyclopentane and methyleyclopentene, etc., by using three
kinds of scatelysts, Pt-AlaOs, HF=Al,05, 8nd Pt-HF=Al,03.

1t is found that Pt-HF-Al,03 1s superior in its dehydro-
genation, isomerization and 1somerizationadehydrdgenat1on.
etc., properties than the other two types of catalyste. It
18 also found that both Pt-Al,04 and HF=-41,05 are not :
single function catalyetis posgessing elther dehydrogenastion
or isomerization properties only, but dual function catalysts
pogsessing poorer activitles. When HF is added to Pt-AlaOy,

‘. or Pt is asdded to HF-Al,0g, the resulting catalysts are

.duel function catalysts with excellent activities. Basged
on these findings, we have assumed that active groups (or
polyactive centers) arevformeQ‘hy P and.HF on the gsurface

#Received 15)59p.58. gee Vole. 4, No. 1, 41 and 42 (l959)v
for part II and III. ,
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of the catalyst. Moreover, based on this hypothesis and
. -the results of experiments, we have proposed the transform-
ation stages of aromatization of methyleyclopentane and,
among these, the isomerization of methylcyclopentene 1s the
glowest processg. ' ) :

Under the conditions adopted in mosat reforming

processes, platforming catalysts, such as small amounts

of Pt and RF supported on Al,0,, possess good dehydrogenation
‘and isemerlzation activities. They also show good cracking,
coking properties and are less susceptible to poisening,

thus fairly satisfactory to industrial requirements. In
connection with this type of catalyst, having dual properties,
both metallic and acidic, and polyfunctional, the "Houdri-
formi%ﬁ" catalyst hes been chogen by Mills, etc., in their
study Y/, Tests have also been cerried out by Kuo Hsleh-
hsien (675% 3610 6343), etc., of this instltute on laboratory
prepared platforming catalystis with lsolated hydrocarbons,
suoh as methylecyclohexand, methylecyclopentane, n-hepiane,
etc., as starting materidlg and the assumption concerning

the reaction mechanlem quvthe dual activity centers of
catalysts hae been made '™, However, the present availsble ,
infermation related to this complicatéd and important problem :
ig far from sufficient. Conpequently, in order to gain an
insight into the funotions of Pt and HF in the catalysts

end the transformation mechanism in the aromatization of
certain cyclic paraffinic hydrocarbons, such as methyl-
cyclopentane and cyclohexane with platforming catalysts,
three kinds of catalysts have been prepered, Pt-Al,0,,
HF=A1,03, HF-Pt-Al,0g. Four kinds of isolated hydrocarbons,
such as methyleyclopentane, methylcyclopentene, ¢yclohexane,
cyclohexens and a mixture of cyclopentane and cyclohexane
(1:1) are used in the investigation of reactlons ocourring
with these catalysts.

Experimental :

Catalysts used; . Pt-Al,0y, containing 0.3% Pt. and

“HF-A1,0, containing 1.5% HF. ese were the catalysts

used in platforming.
Starting material, isolated hydrocerbons; oyclo-
- hexangy bep. 80~81°, refractive index of np = 1.4262, sp.
gr. a3'= 077854 methyloyclopeptane, beps T1-72°, refractive
index of nj'= 1.4100, sp. gr. d? = 0.7482; methyleyclopen-
tene, Deps 64-68° and T4.8~7T.8%, all of its three isomers
being present, refractive index of n3'= 1.4267, 8p./gre
43°2 0,7701; oyclopentene, b.p. 82-83°, refractive index
of n¥ = 1.4460, sp. gr. 43°= 0.800, Methyloyclopentane,
methylcyclopentene and cyclohexene were all lsboratory
prepﬂ"do'




Reaction conditions; temperature 430°, pressure-
20 atms., space veloclity J.C volume per volume per hour,
mole ratio of hydrogen to hydrocarben 6:1. .

The methods used for product analysis were similar
to those employed in anslyzing the products of methylcyclo~
pentane and oyclohexane when these were used as startlng ‘

materials and the methods described in Part II and Part 11

of this project. The products obtained from methyleyelo-
pentene and cyclohexsne were analyzed according to the
following scheme. o o

. Determinatio

Determination - ' _ n of
of BRromine @——iliquid Product o n‘;, a‘/:“ :
value. ' ' .

sulfogatien (Sulfonated aramética &
Alkenes washed out)

Cyclic Alksnes & Alkanes

Fractional,pistillation : R,

3¢, mee] [cn
ST ¥

'“Résuitss The réauita.bﬁtained were tabulated in
table 12 Reforming Results of Hydrocarbons Using Three .. .

Kindas of Catalysts. ’ A gar . (Vs Arodua
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Digscugsion S :

S Isomerizsticn of methyleyclopentane occurs
glightly when HF-A1203 and Pt-Al303 are used, but more
 extensively by uasing Pi-HF-Al 03. For example, the form-
ation of cyclohexane and arematics by isomerizing methyl-

cyclopentane: , _
g—0-0

The extent of isomerizsation is using HF-Al,03 1s 7e2%
and 1.0%¢ in the case of Pt-Al,03 but, 21.2% when Pt-HF =~
AlyOg is employed.

Similar results are obtained in lsomerizing methyle
cyclopentene, i.e., reaction 1s small when using HF-Al,03
end Pt-AlsOg; but more intense in the case of Pt-HF~Al;03%
For example, the formation of cyclohaxane and aromatics by
igomerizing methyleyclopentenet

The rate of isomerization is 9.24 using HF-Al;03,
7.7% with Pt~Aly03, and 35.0% in the case of Pt-—HF-Al;,_ga.

Basically, the lsomerization of cyclohexane with the
formation of methylcyclopentane does not take place by the
use of HF-AljO3, or Pt-Al;03. However, when Pt-HF=-A1203
is used, the methylcyclopentane formsed in the products
raached 18.3%.

Thegse results show that the i somerization properties
of elther HF-Al,03 or Pt-Al;03 are poor end that Pt-HF=~Al;03
possesses prominent ipomerization propertles.

(2)  The dehydrogenation of cyclohexane forming
penzene basically does not take place when HF=-Al1,03 is used,
‘and only to & small extent, 36.5%, by using Pt-Ala03.
However, dehydrogenation takes place readily in the presence
of Pt-HF-A1703 and the aromstice formed reach T1.0%

similar results have been obgerved in the formation
~ of benzene by the dehydrogenation of eyclohexene. Aromatics
formed using HF-Al303 smount to 31.3% and for Pi-Alg0s,
49.7%, but they reach 72.8% in the case of Pt-HF-A1203 .

These results show that both HF-Aly03 and Pt-Al;03
are peor in their dehydrogenetlon properties and only
Pt-HF-A1l203 is outstanding in thls resgpect.

(3)° The isomerization, dehydrogenation of methyl-
cyclopentane and methylcyclopentene with the formation of

i




benzene are more or less eimilar to the sbove results. That
i3, little resction takes place with either HF=-Al;03 or
Pt-A1;03 and the reaction is more intense in the case of
Pt-HF-Al,0g9. Thus, 11 ip shown that Pt-HF-AlL03 is a new,

polyfunctlion catalyst.

77" According to the sbove three points, PL-HF-A1203
as & catalyst is far superior to. the properties of elther

 Pt=Al;O3 or RF-Al,03, Or & mechanical mixture of these ,
‘two, whether in 1aomerization,vdohydroganation or lsomers : .

4zation-dehydrogensatlion, etcs . o

' (4) Either Pt=Al,Ozor HF-Al,03 are not atrictly
single functmon'catalyatau-'Fmr‘examplé, when Pt-Al,03 18-
used in the following reactiong bds1déaﬂdbhydrogenation,

e small extent of isomerization also takes Plase with the
formation of benzene; ©.,8s, R

L]

. :‘:'D ]:’t*..&lios Q s8%

W¥hen HF-A1;03 is used, besides the imomerizatien

. peaction, some dehydrogenatioen takas place, 9.8«

" l‘ HY-ALO: . ar
{ g - 0.2%
. <f L |
Tl . HF-AlL .

~ Although both HF-A1203 end Pt-Alp03 possess dehydro-
genation and igomerization propertles, they are dual functloen

' catalysts poor h thege properties. 1f s small amount of

Pt is added to HF=-Alz03 or if HF 18 added to Pt-Al;03,.then
beth of them become polyfunstional catalysts with good -~
jgsomerization and dehydrogenation propertles. i

' Baged on the sbove pointis, we get forth our hypo-’

thesis regarding polyactive centers ( or polyfunotional -

active groups) of platforming catalysts as f0l10WBs :
The Pt snd HF in Pt-HF-Al,03 are distriputed on the

" purfsce of Pt-HF-A1l303, not without being interrelated, but

forming active groups. Thege scotive groups possess excellent
catalytic propertles upon which the 4{somerization, dehydro=-
genation,-1aomerizaxian-dehydrogenatiOn, hydrogenolysis,.
ete., of hydrocarbons are malinly csrried out. Within these
groups the dehydrogenation'activity of Pt and the lsomer-
1zation property of HF are greatly enhanced by the presence
of each other. The surface of the catalyst may contain

C
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 ungrouped Pt and HF, both of which possess weak dehydro-
'genation and isomerization properties just like the Pt in .
. Pt-Al303 and the HF in HF=-Alx037, playing e minor role in
catalysis. : e o - S ' '

The dehydrogenation taking place on the activity
groups is still mainly attributed to the effects exerted
b); }1;11;(3) Similarly, isomerization occurs under the influence
O . : a : . . .

- The dual activity centers theory of platfogring :
catalysts as suggested by Mills, Helnemann, ete . ! , Giffers
in neture from our conceptlon. First of all, they assumed
that the Pt and HF are distributed on the surface of plat-
forming catalysts without any interrelationship. The
difference of the two assumptions is illustrated below.

e e

z oy e - 1

| o - o t o |

‘e x  x T e X .
Cx. @ Y o SE A

| o - - : ‘ ox’ ‘
x ®x_ . x |

Mills, Heinemann, etic. Author

T1llustrations Showing Activity Centers

@ represents PL; X represents HF; @ X represents
the actlivity group.

Secondly, their interpretatlons of HF-Al;03 and
Pt-Al,03 are mechanical, 1.e., AF-Al,0g is a single ;
- function oatalyst having only jgomerization and no dehydro-

genation properties and Pt-Alg03 is aleo a aingle function
~ catalyst having cnly denydrogenstion, but without isomer- .
izatlion propertles. The isomerization properties of Pt=
*A1203, 88 explained by them, 1s caused by the reslidual ;
aoid in the catalyst, not washed out ln the course of its '
~ preparation. Thelr explanation for the formation of ;
~ benzene by the catalytic action of HF-Aly;03 on cyclohexene

and methylcyclopentene 1is due to hydrogen transfer reacilon
attributed to the catalyst, rather than its dehydrogenstlion
properties. This explanation {g difficult to confirm by

our results because if benzene is formed by the hydrogen
tranafer reactlon, o

-~ i

SO ...._.'..—-—-020 4+ O ‘
' - |
' X i

.




then the ratio of benzene to cyclohexane in the product
" should be 1:12, However, the amount of ‘cyclchexane obtalned
“in our product is far less than the smount obislinable in
‘the hydrogen transfer raeaction. ' o .

' The question of the mochanism of the aromstization
of methyleyoclopentane 18 digoussed below. , , .

. heoording to Milils, Heinemsnn, eio., ‘and Oonikberg C“'?J

the reverasible isomerizatlon between methyloyclopentane and
cyelohexans under the influence of the usual acidlec or o
- metellic oatalysts ie a. transition stage of dehydrogenation-
1gomerisation, i.e., lgomerizstion follows the dehydrogena-
tion stage. We agree wiih them on this peint. Furthermore,
our findings show that 1ittle cyclohexsne ia formed by the
jsomerization of methylcyclepentane using ‘HF-A1a03, end
oyclohexane does not undergo 1 gomerization when HF~-Ala03
is used. However, aromatios résulting from the isomeriza-
tion of methylcyclopentene under the influencd of HF-Ala03.
" and the mathyleydlopentene formed by the lsomzrization .

of cyclohexene using HF-Aln95aregqomparativwly more sub-
stantial. These facts all serve as minor evicences showlng
‘that the dehydrogenation precedes isomerization. Based on
‘this point and the assumpilon of the actlivity groups
‘mentioned above, our proposal on the sromatization mechaniem
of methylcyclopentane using platforming catalysts 18 as

follows: o
01-0

o

|
t
t
' .0
i
3
i
!
i

, Reactions within the brackets are carried out on .
the actlvity groups situated on ihe surface of the catalyst.
The reactiona outside of the brackets take place' in the
gaseolus phase. _ - o : S

According to the above 11lustrated transformation
- gtages, & grester amount ‘of aromstics should be formed )
it the intermedimtes of the later stezes, methylcyclopentene
end cyclohexene, sre. used as starting materials than 1if the
intermediates of the first stages, methylcyclopentane,
15 used. The results obtalned are in socord with this
deduction: methylcyclopentane, methylcyclopentene and

7
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lohexens wore resoted separately using Pt-HF-Alz03 end
i1t was found that the benzene formation was in the 1ncrea§1ng
order of 14.14, 18.8%, 72.8% in each case. When Pt-Al,03

" was used, the benzene formed was 1.0%, 5.3%, 49.7%. 'Whong

. HF=-A1,03 was used, the benzene formed was 0.2%, 9.2%, 31.3%.
' It is elearly shown by the above regults that ln the fore-
~ mentioned transformation stages, the igomerizstion of t

i
i

' methylcyoclopentene with the Tormation of cyclohexene 1s

‘the most difficult stage to-be-brought about and kept und&r
control. This is due to the fact that the rate of benzene

. formation when cyclohexere 1s used as a starting materisl .
' grestly exceeds that prevalling when methylcyclopentene

or methylcyclopentame are used.  Thus, 1t is clesr that

. benzene forms readily after the isomerizatlon stage.

According to the dusl cenkers assumption proposed

by Mills, Heinemann, etc., the mechsnism for the foxmaxioﬁ

of benzene by isomerization, dehydrogenation of methyl-

'~ eyclopentane or the dehydrogenation of cyclohexane 1is

1llustrated below.

Togo0

‘The vertical reactions take place on the {somerization
centers snd the horizontal reactlons take place pn the .
dehydrogenation centers. In other words, methylcyclopentane

ig Tirst adsorbed on the dehydrogenation center forming |
methylcyclopentenes. The latter i8 then transferred to thq

! jpomerization center and converted to cyclohexene which

is sgain transferred to the dehydrogenatlion center where- |

. upon benzene is formed is formed by stepwise dehydrogena- |
%4on. It is thought that such numerous repeated transfers

of the intermedlates between the two kinds of activity ‘
centers would slow down the rate of reaction. However, in
fact, the rate of aromatization proceeds briskly. At the
same time, such repeated transfers between the activity

' genters would slso be sccompanied by the repeated proceasi

of detachment and adsorption. Thus, intermediates such ad

methyloyclopentene er cyclohexens would be found in the

products. However, no such hydrocarbons have been 1solat§d
from our experiments. Although the reaction mechanism

. propoged by us also involves dehydrogenation, isomerization,

" etos., stages, these reactions all take place

on the same

8 )




activity groups in a very convenieni manner. And the -

intermediates forgo steps of desorption and readsorption

on the surfsece of the catelyst. Therefore, our mechanlem .

should corregpond more closely to the experimental resulis

than the one proposed by Mills, Heinemann, etc. '
. Conclugion : - '

: "l. Hydrogenation is carried out with four kinds

of isolated hydrocarbons, methyleyclopsnians, methylcyolo=

' pentene, oyclohexspne snd ¢yclohexene, etc., by using three

- kinds of catalysts, HF-AL,03, Pi~AliO3, and PL-HF~A1;03 o
It 48 found that Pt-HFTA1393 is superier in its dehydrogen-.
stion, isomerizatlon and jpomerization-denydrogenation, '
ete., properities than the other two types of catalysta.

: ‘ 3, It is alse found that both Pi-Al;C3, and
HF-Aly03 are not strietly single Punotion catalysis, but
duel fundtion cstalysts possessing peorer activities.  When

CHF is sdded to Pt~Ala0z or Pt is added to HF - 41402, the
resulting catalysts are dual functional with cxcslilent
properties. L : . '

S . fThe assumpiion was proposed that fi nund HF msay
form metive groups {or polyfunctlonal actlve wonters) on
‘the surface of platforming catalystis. '
: 4, Suggestions wore made concernlng the tranaforme
stion stages of the esromatlization of methylcyclopentane
under platforming conditions. Among these sitages, the
isomerizetion of methyloyclopentene forming cyclohexene is
the slowest. . _ ‘ ‘ ; : :
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